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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an Al-alloy 
material which is an excess Si type 6000 series Al-alloy 
material having room-temperature aging controllability 
and excellent low-temperature age hardenability and 
combines various properties, such as press formability 
and hemming property required for various purposes. 
SOLUTION: This Al-Mg-Si type aluminum-alloy material 
has a composition containing 0.4-1.3% Si, 0.4-1.2% Mg, 

0. 01-0.65% Mn and 0.001-1.0% Cu and satisfying Si/Mg> 

1 . In the differential scanning thermogram after refining 
treatment including solution heat treatment and 
hardening treatment for the aluminum- alloy material, 
the negative heat absorption peak height at 1 50-250** C 
corresponding to the melting of Si/vacancy cluster (GP 
II) is <1,00Q |aW; and the positive heat generation peak 
height at 250-300° 0 corresponding to the precipitation 
of Mg/Si cluster (GP I) is <2,000 ^iW. 
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(54) vsmoi^mi ^^mmmh:^smmi^i&z.mt\^r)\^s.:=.^j>.^^ti 



(57) [M*?)] 

'fb«lCffitlfcSilBISiS!6000JSAl^^*r-ca5oT, SIC. 
-5. 

m^^m Si:0.4~l. 3X, Mg:0. 4~1. 2!«. Mn:0. 0 
1 ~0. 65« , Cu:0.001~l. 0«^-^^5»-, d^CJSi/Mg *n Jj^ 
±Ta&-5Al-Mg-SiJST;i/5n':7A'&^«T«boT, ^7 

7.iS'-(GPII) 0^^{Cffl^-r^l5O ~250'C(OMffi®li 

~3oo 'c©fis«eHtc*5tt^7'^x©5!f^e-d7iSs*^ 




(2) 

1 

imim^ 1 ] Si :0. 4~1. 3X> Mg:0. 4~1. 2%. Mn:0. 01 
~0. 65!i; . Cu:0.001~1.0J;S:-&*-. *^t5Si/Ng *ti SK± 

5aii«CD*il^3iEfS»i^«rftiSlC:feV»T. Si/ ^?Li?^:^ 
^-(GP l)ODj§«fCffla-r-5150 -250 t:©®Sl«H»C 

t). j4^r)Mg/Si i75X^-(GP II) CDtfrmtCffl^f -525 

0 -300 *C®iaffilBH»C*5tt*>^7X®5gf»«^-^K3 10 

*i2oooMW e;TT*-5, ^ifiPt^aitttffim^s^biE 

ti»*«2] WtBSi/ ?g?L^^;^;5'-«^^^CffiS-r 
-5fcf-i7iS^^«500MW £ilT-l?»D, Mg/Si ^"77.9— 

oDWtBtcffisr-stf-i'iissAnoooMW eiiTT*^w* 

SP^^^OlttttbT, mtilfim ~160MPaW|gfflTib 
D. *^-SJS8BEiiMi8iait«i:Oi»;blg*^15MPa tArt, W 20 
af*«28X JglC2S;X hU->5^#-^^150 "CX 

205^©teja^3aii!iaB#®W;b*tl80MPaEA±-r 352.^*58 

1 2 \zMmo^^w^m^mi^^w^mm.{^m\z^ 

[0 0 0 1] 

iap#xiei^btg JcffinfcAi -Mg-s i ^ 7 ;p 5 ■5' A -a-^tj 

(KT, 7;l'5r:>;?A<fc#JcAltm-5) lc:S-r€>fc©-t? 

30 

[0 0 0 2] 

Al-Mg?^C)AA7!iSJlS 5000*^, fi£}^tt-^jKi#Jgfl:tttC 
gnfcAl-Mg-SimoAATJSJISeOOOJS (£^T. ¥tC50G0 

[0 0 0 3] ifi^, m^:^7,mtz^^i&nmmmmtzn 40 

[0 0 0 4] Z.<Dk\-^i^ma>^-^%. 
ic, (T':>5'-/t*;U) -^rtS (-<>•)— n^M 

»c^ffl$nsAi^^A*ju«**0ii»ct«t. «»*m.ob 

m 6ATO»^^bLfc±T?0iSi§iaAl^^<ti:LT. JIS 



«fP82 0 0 3-2 7 1 7 0 

2 

ja«ISiSlCD6000^S<DAl^^/';^JU («) 

[0 0 0 5] ;i(9)i^SiS<D6000^Al^^(^, 
\Z. Si:0.4~l. 3X (KffiX , fiATHC) . Mg:0.4~l. 2X 
*^OSi/Mg *M et±T*-5> Al-Mg-Si*T;P5 
n^7A^^-C*«>. -^-LT. ^:<Dia^SiS!6000^AI-&^ 

}^4'fitflin3-|^tcttfiW;^;{ttc J; 0 fi£J^tt^&5S«-r -5 <»: 

[0 0 0 6] */c. c:n?>jaPJSiS6000J^Al-e-^#«, 
Mg«ft t'O-^^fiTiti^ti. flfi©5000^<DAl^ife;fS: l;itt: 

OOmAl^^^^cD;^^/^-^^^^. AI^^^/»# (^^JM 
[0 0 0 7] Wffiai(l*^t*®/'«^;l'«ii4*:Wffl 

^ (v'yvV^h.) jnx tufting 180 • tttfunx^® 
[0 0 0 8] Sfc, yi^;i/«jg^i;UT«, Mt::, 

[0 0 0 91 Ai^^/"<^;w«<o^^*ii##it«ia 

W^b©^ia«Tibofc, 170 'Cx20^i-CDMS*^e., 150 
'Cx20»©fiiaigl^W5!ia^#&t*IC, 3|/rffiS^b-rS 

[0 0 10] ^bT. Al^^/'<^;l<'<*fCtt, 

mkm^¥t\^mifi. 150 'cx2o^)-©iaia®i^KYbbT 
fe, S!*oi7o 'cx20^^<D^s«i##Jt«ia-r#6n 

b, ;io.fcpjcAxi^3ai!!ia*«®jabfc«^, iiPisisi 

60003SAl^^y'?^Ji/#$:'b^TbT'b, -^©^^Sl^fcig 
tl*IE#7!»^a&^fcje), SSfil€#tt5!iaMOT»:^S:180M 
Pa6t±i:-r-5vli«. ^^l^JcHbl^^^Tfe^. 
[0 0 11] b*^*), Cltie.«£*©jg^Si^60003SAl^ 

SiS!6000^Ai-&^$jT?SJ^i. ;:©Siii^tc;<fc 

oT. ]aSaSiS!6000»Al^^«Sfr(D@ig^2 fflKSja 



(3) 

3 

[0 0 12] -f-bx, z.tDju'^fi^m^nafi^ctim 
[0 0 13] mmsmt:'^tsmQ^k\^^tt<D. z.n^ 

tiejfed^e, 10-2 19382 -^^ #112000-273567 

^:n?)©li?8«> 6000?SA1'& 

^z^^xnmm^<o^^utsiWPizm^^ti^ue-s\ 

7.^— [^f^mxWoSl/ ^ILi^yT.^-, EATGPI (I 

ta-rsctT. ^«±»{c«#-r •5Gpy-> (Mg,si «f 

[0 0 14] ^LT, !|#M¥10-219382 ^ 20 

^!Sl^^i-«rfl^tC*5ViT. GPI ©fig^JCffi^f -5150 ~ 
250 'Ccoiaa[«®H(c*3ttS®fl*e-^*i:iS:Vi^t2rJ®^ 

5aab;t^ic, Haie7o~i5o "cto. 5 ~50ii#Wigsg«Jt 
•r s iSfii^jais &i6S b T ^ . 

[0 0 15] 

[^mammv^'^L-r^^mimib^iz, mmmmvia so 

-219382 ^^il^l32000-273567 ^^©^^CD®D, 

{b*3J;c^siiAnMs^^iaiS[M'*'tcji^^^nfcGPi 
T-r^fc*. ^K±#ic«#-r'5GP*/-> flUftSi mm 

;iODGPI®J^J«tt3IK-h#t>a#. ^MB^^a 

«ift!i*ffl[«-r«>. bfc*«-3T, jiwGPi (Dm^^mmr 

[0 0 16] b*>b, *5!?g«e.©^^jcj:n«, c© 
GPI cDjg^saiwr«)/^fttT?tt. ifi^n^snxti*^ 40 

[0 0 17] 0tJA.ti, «rfE#P3¥10-219382 ^■^!t*H20 
00-273567 ^iiffiXM^^tlTV^-Sffiiai^^Slfll^tt, 
*liSB#4i¥6-74480 ^4i«<!:Ri;<. 175 -CxaO^i^TiM 
170'Cx205}-OAI«F^iZftS*fr©W^;i'T»oT. SJ 
SBbfc, «jfi®l50 t;x20^7S:i:«)<g;iaAX^^®<kSa 

[0 0 18] c:©fc*. SlilB1#M2000-273567 #^^X 

tt. »wb*it/ffiiAnMa^o«riB70~i50 -coteja 50 
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^ffiffiSritebTfc, llifi«a|X^;SnTVi-5Al^^/-?^;U 
*ro^S«!ifr#tt«ia«a»ilH:^tt. 170 "CxSO^i-o^S 
^^iHm^-V\t. Ji:*:Tfcl68MPagaTafe»3, WIB15 
0 'Cx20^)-;fe<h*®ffiiaii#^6!{kma^#Tfi. »;^7&^g| 
/£. ^<OfflA^;i'.«ffliaiJCM*$n^l80MPa£il±<i:;i6 

[0 0 19] ^fc, #§1^10-219382 ^ii^TlS. 

[0 0 2 0] b*^b, :in^mitmm sttgbfe^© 

Al^^/t^;l'«©K;'j«, t) 109MPaSa[©teVi 1/ 

*saj«$nifc<J:bTt>. WIE150 'Cx20»;^f©teM^ 

©aA^;KJffi^fvII*^tl-5180MPaEJl±<h^e)!*Vi. 
[0 0 2 1] :i<D^olZ. *»ggTilSi:-r-5Al-&^/1 

tt, ^n*-r©iisriE}gtt^bi:iis^*'fbt©ffliiai:ra«i 

<&fcoTbT*). ^}aP#^«l^i:<£}aB#SS^^btg[6l-h<!: 

[0 0 2 2] bfc/OSoT. c©^ia^^*5ffli$j$nst 
<>: t>tc, mfRi&um^mtm\zmtit:immsmmoj^ki 

's-6,liqXtt;5:a:©tt#14&««bfc3a^SiM6000 

[0 0 2 3] :^^m\t^(Dmumm\ztsmi^xu^n^ 
.$ni>iith izi&Mmmmitmtzmntcjgimsmmo^ 

^m^. ^AllPItt-*t*©^!|#14**«bfcAl^^$** 
b J; p t-r-S ^©T 
[0 0 2 4] 

[^s^ifSfrsfc*®^©] :i©Be5*»fi£-r-5fc«) 

A^^**©W*J11 ©Se«. Si:0.4~l. ax, Mg:0. 4~ 
1. 2X, Mn:0.01 ~0. 65!(; , Cu:0. 001~1. OXSr^^^, 7&^0 
Si/Mg m ei!.±T»SAI-Mg-Si»7';i'5zi<:7A^^«-C 

*oT. ^T;i'5:^'>A^^**©^<^^k;*3J;t/j^€rAn 

Si/ ^?L:>7>^:J'-(GP I)©^j|ptCfflS-rsi50 -250 
"C ©SSttH tC :fe »t •7-1' ©©ii e - $ jiii 1 000 

mW 6ATTa&o, Mg/si i7^;^i$'-(GP II) ©wmtcffi 

^■r^250 ~300 'C©iaSIBH»C;fett.57'^X©f!^l:f 



(4) 

5 

[0 0 2 5] ?5:43, *^?q-C»pAl^^<t<i:fi> l£Ji« 
[0 0 2 6] £Mii$^jl|l^<!:Migl)$^@!^b|gCD£ 

7a5iB)±cDfcj?)trji. ii*a2 co^v\z. ftaiasi/ 

Mg/Si i'^T.^— <D«Tailc4B^-r'&t— i'BSS 

[0 0 2 7] :^mm-c\t. mmsmrnQomi-^^mzii 
mti&um^m<tm^mm-r^. gpi ifcm^jn^, si 
[0 0 2 8] ci©GPi tt. mmm. Mm^?><Dm^x 

T, ^±^(0^mtU^. CIWGPI 20 

[0 0 2 9] MIH#M¥10-219382 
#-^!|#M 2000-273567 mmtis^lf^ 

^^xnmmm<DmmsmmomM'^^mz. gp^/- 
>. GPii (iittn-T^^t? 2^&^i*-r^) <ht)«-*5n 
■5> Mg/si i^^T.^^'—^mmmizmm^it^z.iiizi: 

[0 0 3 0] fip-^. GPII«. taiBGPI tffiftL. jgPJSi 30 
S6000^Al^^^*2r®«:{b««<Sl^AnMS*f^»C|SS 
300 "CTODgfe^AnfcfSf^, 70"C£t±JCg!l€rAn 

^itum^xn^m*> \z7ox:&,±<Dmm\zum 

lytzm-^fii^. f^mo^mMm^n-Drcm-^^z. 

[0 03 1] bfcAtoT, *^?gT«. fi§^<b:fe<tyt«ll 40 

■5GPI I i&saw.Ki^Tms its i t ?&s* i:-r?>. 

[0 0 3 2] :i0fc*©m^tLT. *»HJT«, MSB 
!|#BB¥10-219382 ^^iJ#H2000-273567 ^i^^tl^U* 
M^tfl^iJ-tffft^SrfflVi^. GPI ^n^f^<D 
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[0 0 3 3] mmt^^um^xnmm^'^tsm^ttiim 

GPI®^<S mtEM) tCfflS-r^W«150 ~250 'COia 
S®H»C;l3lt«>-7'f :fA©K^bf-:J7B (Dil!$hlT$> 
GPIiroWm Irffi^-r^Ott. 250 ~300 

-S, :i!3:4o. A ttGPI WWcD5!l^tr-i', D tt+raffi^fttJ 

^. c©»ip^«, 01 lc^-rj;5(c, ^MS3fcl^^i-*f 
Jpft «iSSi55^EC«io T §1 # m U fc7K¥J5:fii» t f S . 

[0 0 34] GPI wtBUfc®D, ^ig-e^fi^r-s. 

bfc*5^i, ^M^«^^^*T*^»C*ViT> 150 ~250 X: 
(Df&SLmmz:^n^-7-Ci-:^<D(&m\i-i^i ilidb^fD 

mm^^mti^«i<D^<Dtaf^mz. m^. mmt^^^ 
zsm^xti9!^m^(Dmmsmmo^M^^M^mz. tc 

^GPI *^?¥«b, *M^SIS5^^W«K5Wlinl^»C^ D , W 
fBjaaiBHTB^bfcJltSr^-r. ^©Kl^tf- 
i'B COiSShlttGPI K)#SE«&^-r. 
[0 0 3 5] ^LT. 150 —250 "CCDjaSfgHJCiSVt-S 

0; Ati«ia« wjSSJs i S6000 JSA! ^^*f e »C, 

^SNf^iaiftiJtteit^^l^^big^Srffi^T-SGPl (D^fKil 
[0 0 3 6] GPIItt. HttfBGPI tffl^^b. 

tt^fiK-e-r, 90'CK±oit«iWiSiiaT^^-r-5. bfe*« 

l\ 3%M*SI^5)'*Tft^tC43ViT, 250 ~300 "CWfift 
^HtC:fett^GPII©::/7X®5^^t!— i'C *s$>^<o«. 
S%ll*3l£ia5i-«fO|RrolinlSltCj;-DT*i;fcGPII*«, ^Slft 
hT-i'C OiKSh24)-fc*tt#«-r-5 d i Sriftflcf-S. 
[0 0 3 7] L.fc*JoT, ^ft^^f^^J-^fCK^GJinl^tC 

5j-#froi!K©infi«r. BP-fe, ^#^b:fej;uc«i#Anjaa^ 

W3l^SiM6000^Al-&^^Ji#:tC«, TC^GPII^i^* D 

J;l/jft^Anma^«ja*JSiS!6000;gAl-&^«tC, GPII 
ffi7z^i^<^tE-r^m^\z\t.. ^S*S^^)-«f©iS<DJn 
^tcJ:oT^fig-r^GPlia<^ttil>;5:<;^0, WIBGPII© 

[0 0 3 8] bfc/OioT, ;in60*S^SfSii)-#ftt^ 

AnS!ia«©j§«SiS!6000I^Al^^*f<Dffi^i:bT, ^ 

fiBta«iS!i<i:fi}asta®{btg^sa«-r-5GPi ^ttjsa-rs 

<Dmm\zm^r^m ~250 'c©ia«$5Htcfett-5'=?-f 
:J-;5^©»s^t;-i7B ©iSsiiisioooMW &.T\zm.m-t- 
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[0 0 3 9] sfc, Mm.m^mmti&um^mit^^f^ 
-5250 ~30o x:(0Mmmm\z^i-f^yv7.<D%m\^—i7 

[0 0 4 0] ;S:*J. «rE#il¥ 10-2 19382 #M2000 

-273567 ^^t^^k^feJzC/J^^An^&S^ 

■rsfcJi)C. WiB*M*ttf»^^Wffl^Jc:feltS. Si/ s 

iii7^x^-{GV i)<DmM\zmmt^m ~25o iccd}! 

[0 0 4 1] ^jS^^W^tfiia 

p#^g|{t;tE^i6]±5-fr^Mg/Si ^^;^3'-(GP II) 

nTVi-5f!MlfllO*M^3if»^^W*iSHc^frtS250 ~30 
0 'CODiaflEffiHJC^ttSlT'^XODfglSftt;— i'C ©iSSh2 
i£:>^W»w, *5gWW±^T*^ 2000 wW *S;^T 
ii5<i^oTtiS [#^«<Dt:-i'igS©mcal/secmfi:« 
*»9^©{l/4.2) X10-' mW (rffiSTS] , ZKDfc*, 

sg^c-fb^fe Ati^as^cGPi icDWtbasr«g«T# 

SSI^#i?^f1^T«. *;*cTt)168MPag*T, 150 "CX 
20^J-;&:^©<£ffl^S6S!<ki8ia*#T«, ii»:^AtSijj£i80M 

PaBl.±<i:75:e.?a:Vio 

[0 0 4 2] *fi5gtc;fet>T. ^s^^aiftitfiiaWfSS 

5«C. WiEGPI ©i§«tCfflS-rst!-i7B ®i85Shl*«50 
0 mW EIT-rafeO, GPII©WtB»CfflS-r-5t!— i'C 
li2*ti00O/iW fitTT^^CtdWSU^^. 
[0 0 4 3] £^±<DJ:-5»C, ^S^^SlttlWt 

^W»i4i:UT, i8;^/J)M10 ~160MPa«$8H-??&O, 
•pMfiHBS«i!!iajS«tCDiiH*M*M5MPa Etrt, »rK*«28 

fiiaB#^4^(!lgT»oTt>. 180MPa6AJi©ias»;t;^b*SpJtg 

[0 0 4 4] Sft*f»9«J^i:©:7'^:^fiK}^ffl>''^* 

iiS$ aDH.)*>'20iiiiniJJl±i-r^3:<i:AiWSgT*^, 

[0 0 4 5] ^fc. &»l»^«^i:®fttflHIXffi>''<*;l'. 
tJTJ&oT. Si:0. 4~1. 0«, Mg:0. 4~I. OXS^-^^. S9f2 
UMam 4:^^©^SPt5a«®#14<!:LT, S»:'3*tll 
0 ~140MPaT-a&O. 10« COX>k->^S:ff ofc^> JIS 

m , fttf^lffi60a©if^:Sr-e60ffi(Cfttffc^. HtClP*- 
0. Sim (0Al^^«Sr^^5^•T?. 180 StCfttf /cISJCttlfgB 
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[0046] 

31^0!)iS!^SiSI6000%Al^&^<OMi^^UT, ^igl^J^ 

«)$ijt<£s^5a®^btB5rBa#-r^MfBGPi ^nmr^Tc 

a6JC. GPI (O^«?(c:ffi^t-^150 -250 'C®iaS®Htc 
*tt-5V-r:i-X<DKI^t;-i7B OKShl^&lOOOuW £1 
10 T, »*L<tt500 uWetTJcM^f-S. K^b!— 

©iiS3hl*M000MW ^MTLtzm^. J:O^^-JC«500 w 

S!6OO0^Al-g-^$^^{4:|C, GPI <r>^Wii^l3.^mt^^lUfi 

[0 0 4 7] ^iaB#3ai«l©Jtl£fi»#^®^l:tg^|pl 
±$i+-5taiBGPll©»#:fli*J;r^j^^Anffi31«©*rm 

*3lt-i)250 ~300 'Cc0Sa^H»C:fett-&-/^7>©^^f 
20 -i7C 0Diii$h2€r2000iiW £;T, j(f «1000mW K 
Ti:e<«*!l'rs. 56f»tf-i^C ©iS$h27&i2000MW« 
J;DM^tC«1000tfW mW- 
<b:teJ;y:jft#Anmii^(i9iaPJSiS!6000^Al^^^*ODGP 

iiwtaad^^sb, ^iaNf^«i$!it<g;iap#«ssi{big^fi; 

[0 0 4 8] Al^^$J055Ml^^i-WK)«^, SiriB»«p!K» 
HtL-T«, il!l£^#^Al^^$*.;fcOfeli!!^CO+i^Ji5^i^ 

[0 0 4 9] *56l?}C:fettS5%«fi^i^«flCfflV»* 

[0 0 5 0] mtt) ^1t. *5SW»Cfe»t*Al^^*fX 

tt. i§^^{b:feJ;^K^#At^^^la^^!»S< <!:fe4;^^ra© 
^UnWikomtS (o..,)^, no ~160MPa, Jif^b< 
HI lOMPa*^ e. 160MPa®$5Hi-r-5 C <hdW* bV^, MiJ 
40 *il60MPa^&iKitfc«^> iNftC'sAJjnXlS^fti'Ofttf tOX 
tt^yu-7.^J^tt*^lB;T-r^. K:^*illO MPa * 

U-.;,5^^^^150 ■Cx20^^©ffi;mB#maPtoa;b3&il8 
0MPa£t±i;^6.J5:<'i. 
[0 0 5 1 ] m.m^A\Z. *5!WAl^^**tC:fett.5, -fb 

*lSil!6000^Al^^tJi:bT. IttC, 
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(0 0 5 2] Si, Mg, Cu. Mn. iW^I-®. Cr. Zn Ti, B 
, Fe, Zn, Ni, V tii£<Dt<Di&(D-^^7cmit. 

«?^£<, 6000 J^-^^^. •?-(Dfl&(DA1^^7.i7 7>>7'4t, 
IBMaA 1 flfe^ 7i Sr ® t L Tffiffi r ^ «^ 5:^ tJ. 

^^7C^*5. J IS 7iMAA®mrtT^*^nsCli:*fflF 
[0 0 5 3] Mg:0.4~l. 2%o 

(Mg,Si^«ffl) *j^BKbT, iiSiiS:^ (iis^ft) fl:-rsfi 
[ 0 0 5 4] MgWO. 4«*SI»^*T'«. *6jt*»*iTje-r 

[0 0 5 5] — 5Sr, Mgd^l. 2«tr«X.T^W$n^i:, ^ 

b<Ra«$n^. bfc*«oT. Mg©^*a«. 0.4 ~i. 

A^oSi/Mg d^l. 0 KA±t;5:^<J;o?5:afr 
^)4-r-5ffli^lc*5i:fcSicD±fESJc?#jS:b 

[0 0 5 6] Si:0. 4~1. 3X. 
S^a^aiaflf^ttfet', •/l/XE£P^*tffinX;5:t' 

[0 0 5 7] Al^^**©^#{t::feJ:t/:^# 

xnmmm 4*flwo^si^^«©#tti:LT, 2x;^h 

Ji6tC, Si/Mg 0 &.±t\^. SiS:MglC^*bja«|{C-&W 

5 -e-feSfBis i s!6ooo^A 1 -&^i!aj5K t -r «) . 
[0 0 5 8] si«A% 4!i;*si-c«, ffrtB^iaBtsftJJP^ia 
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[0 0 5 9] — :35r, SiAM. 3!K*iffiAT-&^;^nS<»:, m 

mt:t5j:.zsm^xnmm^<Dmi^tvx, ^mm^Jinm 
\iJMm<D^ummm<D^iitvx. tammm&mm.'^ 

^tVX. I^SSJaSit^tOW^SISrlSMPa EJl(*gtb, 

[0 0 6 0] 7S:*5, ffli*i:®*!|#ttlCJ;-3T. Jif^H^ 
Si^*S«6fflAi«¥^J^S. ::^l/XJig 

tt, Si-&#fitt±IB0.4 ~1. 3XCDttHT*-5J:tA«fiF* 

9m<D<^^ti.xmnrc-:fi^7.^mmm<in^. m 

20 Kl^iB^DltaDR) 9 £A±, ^ffit^-T^SgtBiiSS 

±180.4 ~i. 3ii!CDffiH*^i-nfc«-&ictt, ±fafRj»mt 
[0 0 6 1] '\AjDxttdis«$n-5, ^mmi^ 

«ffl&t*<D/1^;i/*KDS^lrtt, Si-&*gtt0.4 ~1. IX 

t, ±fSM*«<i:0<g;«e)Wf5H-e*-5C:iAWSbVio Si 

[0 0 6 2] — Si-&*fi*il. lX*ilSAfc«^tt. M 
30 I2bfcffit), ^^fflait«cDAl^^$JS»:^*M40MPa«r*S 
;lTiiS< 0 , S*{:^b^®«i#XtlP#Jc«l[|ii'vSiAi«ra} 

b-?>r<:fto, ^Ftt'sAjnxttdiflETL., m^mmm^ 4 

:/ n ^7 tc J; 0 ft tf fcBR tc, ft If BP® Sijn*^^ U -5 ^ 

[0 0 6 3] ^«ttA« 

Sasn^ffl]^CD«-&JC«, Si##*«0. 4 ~0.9%(D. 
±KMA^MtcJ;0fiJ6WlfiH-Cfe2)C: t*W*LVi„ Si 

[0 0 6 4] Cu:0. 001~1. 0% 

T?, Ai-&^**«ftia«)teaisrt's©GPii^/3" fflwa^ffi 

f^±S-B:^5a*fcafe^, 0. 001X*^-ettC<D^:^AS;S 
V^, l.OX^SSA-St. WJ&;bJiS:^Simtt^> 

50 «ffl^/if©S^fC«0.8X£4T, itd^^t-teffl^SfO/t 
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m-^izit. 0.001 ~o. sxro^Hwffii-r-s^tdijif^L. 

[0 0 6 51 Mn:0. 01 ~0. 65X 

35t*S, ^LT. m^U^ *5S?g('*5ttSAl^^«®y 
1/ 7. fiK -V A iUXtt «A1 ^^^ifiS ©ite Sia*i«Si^ ^ 
Si*|o]±-r-2). O.OliK *SlTtt. ^.txiboym^ 

f)m<. 0. 65ii! ^rnxftm^^. mm, mmmizm. 

;k?5:Al-Fe-Si-{Mn. Cr, Zr) ?S«^MPBm^#l^S*rm 
!a*^^£b^-r<, Al^^^!f««tt6«)ttK*<gT5-ti-^ 
MHtJS:-^. ClcofcJ*, iRftc. Al-&^/'l:?-;P**®«-&tc 
tt, Mn:0.01 ~0. 15X ©IBBt-rscitAW^H'^. 
[0 0 6 6] Cr . Zr, 

^Sja^#SCltAiT^S^m*^*^o Ud^b> Cr. Zr 
tt, mi&mzm.Xf3.k\-fe-Si-m, Cr, Zr) 5g<0 

tt65ttM*<£T^-&^MH<t)S:^. r®^, Cr:0. 25X£A 
T, Zr:0. ISmT^TfaW^T-S. 

[0 0 6 7] Ti . B . 
Ti, B tt, Ti:0. IX , B:300ppiii*=&/fSS;^T-&*-rs 

V. Tu B \z\tum<o-^^-v, mn(Di^^m.^mmit 
b, :?'u>^jifijg#*iRi-t$-e:s^m'fefes. bfcAto 

Ti:0. IX &rf, B:300ppB£ilT*TO^*ttfF^T 

■5. 

[0 0 6 8] Fe. 

mmm^?>mxvT, ^tm^i^vx-^^n^feu. ai,c 

u>Fe, Alij (Fe.Mn)9Cu, . (Fe. Mn) Al. 7St*©StH!^2r^ 

50* ^m^?>iimm\z::n^<Dmmi^{tr^tctf). » 

*b<tt, Fe(D^*« m^M) S0.50X £tTi:-r-5. 
[ 0 0 6 9 ] Zn. 
ZnttO. lX^®;5LT^*Sns<t, WgiJtt*«®»tc<STT 
bfcdioT. Zn®^*«tt»*b<ttO. IXBtTtf 

-So 

[0 0 7 0] &,±o)um^^fi^, *5gHj[ci3tt^jasi 

SiM6000J^Al^^««. l^ffilCj; OS!jg*i"ItgT»^. 
fib, *^MAl^^«»^t4#tt*#-5fc*©, 

J;?>&ie*<t, M8BI^^J!ia;*fO»^bViIg^«= 
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&rF\zmm-ri>. 
[0 0 7 1] {mm, mmxm)mm, mmnm-ui^, * 
^m^^m^mmfHizmmmm-^nrc, mmM^^^mm 

[0 0 7 2] (IHJX) ;^<:viT, :i<DAl^^^^»ci%Mibl^ 

m- i^M<om\ i^m<Dm\zj'^y^^&^^^\iMm^.(D'p 

10 iaS!l«ffi/iiffe«Sb;a:*t6) . *fctt»ffi, ffiJitJ5:^f«5S 

<Dmmi^ud(Dmm\^^mntto:>mmzmi:-r^. 
[0 0 7 3] (^«^^b«iAn«ia) c:ne.farafe<i;ufi^;ia 
inx^ro6oooiSAi^^M#«tt. mmmmtvx, 
\znmmi&mmmtiij:zfm?^nmm{u mm $n 
^. ^#:^bi3J:y^j^Aniaa«, Ai^^tj©jEig}gtt-^«i 

itmmiitm ~550 "ccDiasi5HT?ff5, 
[0 0 7 4] fsiii, zfuT-^mmmu-^ti^, esb* 
rt«ffl/i^;W75:t'<D«^{c«, mmtmm^m-i, 53 

0 ~550 "C<D<fcOiSfflaiJ(D:)5>&WSbt^i. 
[0 0 7 5] '\AjPX'l4*«a«$n-5. SKl*^ 

«fflfJ:^©y'?:^;^«c)«^^ctt, mmtmm^mt., 48 

0 ~530 'C<DJ;D<£SfiiJW:**^«^*bV^, 

[0 0 7 6] 7S:*5, mmtmm^<Dmxn<Dm, i^mm 
a«3oo "c/ 4i-£A±©^?&t-r«>^:t*«»*bVi. 
30 iits*J300 1:/ ^>*iiwjsv>«^tc«. j^An^o^s 
*^«:<;5:0. «iaS^ra«M^j^^«ttToi^^JS<btg 

^flc-ft^cDSS^ An^»ce5!^±{cSi > MgSi ;a: t*;«isWtH b 

*^ x^l^-, S8l^©*?&*9!*^e.a*ibT 

[0 0 7 7] TiH, mxnmmm(D, GPI OSH<i:;5:^ 

40 ^i^^ii<D^^^mm-ri>rctbtz, mmmm^om?^. 
ti^zoo ~30o 'c<D®ffiigHt?-a4'8ffbv :i(Dumm' 

■r^?&bT«§An®a*fT^cii:*w*bVi. gp i <d 

Ji), mmtmmwz^umx'—^izmAnmmvrcm 

J^ife^?L©ii«A^ia5<7S:S. ^1®^, «6An^200 

~3oo 'coummmx—M.tpmi^, ^<Dummmx^i^ 

50 [0 0 7 8] *^c. ^<*^<bfe.ki;j^An5ftS^«)GPl « 
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^<*^Yk«ia«cDjg!iAn«^7ffla*50~i.oo 'ct!S< ufc 
tt. ^witmm^ui^^i^(Dmxti!m<omz. m-^tz 

50-100 ICJcWlrafSftLTff 3. 

[0 0 7 9] z:<D^mi^^mmu. wib5o~ioo ■cwia 
tt. *fc«i$i^ra**^jsufc«^»ctt> GPi 

[0 0 8 0] mmmmtmxnmm(om^\zit. ^mm 
a-f )v\zm^m^f3.iivxn3. ^fe. 3-f;nc^#5{ 

[0 0 8 1] mii^it^Ji:rfmxnmmw:<DG?i © 

«SrW'^^— tZ*Ht^*iX hU->y5^UT, 
^trbT^av^. fib, li*^AlcJ:S^S±#*t:T:pr 
[0 0 8 2] — GPI ©a*!|-rSfc*tfr«;S:<, CPU 

D^^/iGPIIi^" ffl (^tbTGPII) Sr^BES-ti-Sd 

Mm^-vh. mm<ommi^i:hizMmmfSi mmm 
m *i±b, ^^ijaafc 

[0 0 8 3] jine)©a*<i:#sfeje){c«, Ai-&^<t® 

1 t:/hr u^T-c$.sj:t*t}ff^bVi, ^asjjiafift 
:&i80'C*SST«, Sit. ^mmmmm^^h. j;f3^ 

^ni3.^^. — 120 "c^s^^siaKTua^ws^^sia 
m}z±.mts.<,n.*) . gpi dswfflbxPt^dijt^ji^, ^ 

<«T-r«. Jiojiitt, iBF^«ia©»iti^^wgja€t 
t>i^i;T»s. i^*, irfB^«si^^5aasft«:. ^jEf so 



2003-271 7 0 

14 

bfciiftiftatbT'b^vn 

[0 0 8 4] Jg«:^k*cfct;6^AtlMa^tC, fUB^fSl^ 

^^aati^ss^aat^efffl-r^ctT, Ai-^^^rw^aia 

GPI *tiH/i71Mi!>i^li. itbX, ^^;5:GPIK 

z.<DB.i;ummt, 150 'cx2o^^co«aPt^e!<t 
fiSB#3a^!!iated^ii5 v> <»: 5 ffitifcittt t> *-r S . 

[0 0 8 5] ^:cr)ft&> ffli^-^itJSIfttlCJ&bTv MfCiS 
[0 0 8 6] 

[0 0 8 7] (*aSCail)5tr, 3|5:f6mi^^iffl^lBB9G> 

jt«$:IEW-r-5. HI Jr^-r, *^?^3flJ5E«H*3J;tK* 
»?ifflfiS;IBH/6^6^1-tifc=&fiS;^i-ffifi£cDAl-&^«^f^fiEb 
^c, Al^^S««f^e«, 50iniiU?CD»*^, DC^jfiSfCJ: 

540 "0x4 «Fraoi^s^bJSi«ia?£i(Sb, 

S^300 'CT?;P$2. Smm STf^felJEMbfc, Z.<Dm^S. 
MJC, ®$ 1.0mm S-r?&raEEMbfc. 

[0 0 8 8] dtissi Jc^r^egMifit^ (^^Bi^i 

S^n-y-'T XtC^Sf^, Sg5^p-e510 ~530 'CX45#CD^ 

^Ybffla^70"csT'*?^-r2) (jteAn^?jhia«;?>i70"c) 
«iAn5aa*ffofc. 

[0 0 8 9] z.0in. mw^^^Tf-mxnmMm<DG9\ 

<»^fiK&ttl®-r*fc«i){c. 0^^^bMamcD7K^An^ 
200 -300 "CwiSSSSilTf— a^i^rb, ^KDiaflCIBH-C 
30l^fi^J#«, KC, WiB70'CS-e*?&-rs«§AnM3ffi, 
©tatB*i^Ati*ff -r^ fc^Jc o- ^- 1/'^ ^- tca« b 
T2X®S*^€r-^;^-5. OWfBJ^Anff ±Ma (70 "C) \Zl 

mf^^W-t^i)^. 70'c-cjteAn<"?±i^90'c<Diaftt-ijn 
3i*bT2 i^ra«fejt-r«^«i^Ma®, 3 ^O^aSrS 

[0 0 9 0] ^\z. mwi\^^i:.w^xn9&mk(r>m\<D 
^m.^^m-t^itiib\z. loorxeBtia (mmmox:/ 

hr > l^nmm "C/hr £4T) ©^frTOTMI^^iiaa* 

s*?6«)tcfT-:?fc. cine.wMa*fr^«2 , 3 «r^-r. 
;i£i5, «2 , 3 tcisviT, o^-DnnL^<D7bm.m.m^^ 

■r. 

[0 0 9 1] mG.COAI^^$J(75Mffi^Bt^®ae^ 

(i^^«aa*b^i.i«^tti§#An5!iaii:^, e^rrab) 
©*^*4i^^^wi&iii&S!ijeb, GPI (Dmm\zn^-f 

* 150^250 'COfiariBHfC:fett5^-f:?-;^CD!»fSitf- 

i7iSSiGPiio9«faitc^f.^-r-525o -300 'coDjaa[®H 
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[0 0 9 2) ^LT. m^^<nM^^^<Dmum^vtm 

*^^«lSiS«i:CDSB;^ll (AiS*, A-B) t*** 
[0 0 9 3) ft:*. 5l3RKIIttJIS Z 220ncb;t*«^T 10 

fr^ttfetc, um)^mmt]\s s-^wg^itTfi^v^. 

g^M-ft¥*|nl*^IEM*f6)i-ifc-rsJ;3lcf^KL;t. * 

[0 0 9 4) MIC, =&NfS!)Mii« 4:*^^^CD^}aB#m 

oDAi ^^tj ^ . 150 *c X 2o^(Dts:.Mmiij)mitmm b fc^ 
©w;^ (BH ^si^b. &mm^mmm^m^v 

[0 0 9 5) sfe, Av-^^mmmm. ^^misa^^^i^^ 
i.v:f3:^mmnmv^mz. g«i*/i4^ji'*ttLT:7'u 20 

[0 0 9 6) sfc, ^mn-r^moiis^ (imo)m.m<D^ 

iglOOmiD 180mm ®SCg^>t^fflV^, SSS^H-fi 

fc. ^bT, /\>5" (5«> lOOmm t^^-fJ^ (f- 

bt3jf$7t;'j200kN > i3?t*R-303 . 30 

;^^LDH.ffitbfc. 1 lH!T'feffif»fbfcitSJ$*«LD 

H.M**8e»ft:d^-pfc (S3 ©ItKWa 14> 15, 20, 2 

1) o 

[0 0 9 7) ffitfKil«, SSfB^l/T.^jem^^ 

y h'vAJnx^^nsciiS^SbT, K8fit*cDiox 

tt, Jis z 2204(c:s^^tis3 mAm)n mzomxm-^ 

200mm) SrfflLV gSil>tft^;&l^*ijI®;^|6l t-ife-r-S J: 
5fCf^SSb;fc. tttfttS^tt, JIS Z 2248{C««$n-5V 40 
•^Uyi7miZ^<0^ 7^<y h'VAjDXSrM^bT, 5t« 
¥20. 3mm , ftlf^^ffieoSWff^^RTeOffitcfttffc^, 
SJCJP;^0. Omm ©Al■&^«Sr«^T> 180 SJCftlffc. 
iS»«<Dffllfa5 (JsSftSS) ©#Jn05g^«iRSr«Slb, 

[0 0 9 8) «2 *^^e^^*^7SSD, ^1 (D^^mm.^ 

«SHrt»Al-&^tt («1 CDNo. l~5)T'*-s>T, Al-&^tJ 



i|tH2 003-27170 
16 

G?\(Dmm\Z^^-r^m ~250 'CcDffla«fiHtC:tett-5 
:^;^O9»ISStr-i'ii5;^*«1000uW etTTfeO, GPII 

ODt(rtb(CfflS-r-5250 ~300 'COiaa^lSBilc^ttS:/^ 
7,a)^l^tf-i7jS;$*t2000MW £;lTTfe-55!WJNo. 1~ 

[0 0 9 9) j;OA{*wic«. k]^^^(Dmmmmm 4 

:fjmm5ma etrtTSO, A^a#t/Cdi28X £i±-t?&^. 

[0 10 0) Mtc, A^Mmmmvtc-h 
co-r*), 'NAipxttifSifijif-??, TOt>-r*-3imits;^ (ldh 

, ) *i20mm£A±OD:/UXfi£}gttfc«IJS-rs. 
[0 10 1) bfe^toT, *5gH^<^)Al^^A^JW«. 

/■?^;p«Mii««WPBmMbfc^<Dffinfc5^s^, tsj^tt 

ft:<i:«|gitttt**«b, i:©/l:*.;Wtb 

[0 10 2) CltHC?*b, itlJf^JNo. 14 ~16 m\ WAl 
^^**No. 6~8 ^mm) «. GPI ©*lS;«:aiaj7!»M(^lI 

mz:^\f^x, GPI cD^iB»cffls-r^i50 ~250 "cwms 

ISH{::*tt^V'f ^iS$*tiooOtfW CAT 

■r*D, GPii©tffttucffla-r^250 —300 x:<Dmmmm 
tz^n^':f77.<D^mif-i^m^i)mi)0uv &rfx^ 

^. bA^b, it^^CSJNo. 14 «Al^^«No. 6©Si«*ti©jl 
*^fc«?), 'NAinXttAt^^. it«0!INo. 15 ttAl^^$* 
No. 7<DSim-A^{i>y3.m€^rctb. <I^\Z2%7. h \^>:/^fi^mi 

150 x:x2o^<Di&m.m^!&mm<^Bmi}m8owammx 

a5^„ it^Wo. 16 feAl-e^^:tJNo. 8roSi/Mg m 

mmX'$>0. i»Jc2X:^M^«y5^##«150 'CX20^>«)® 
ia^^5aa^©BHiS»*AJ180MPa*j»-CfcS. 

[0 10 3) jt«wa 17 ~2itt, m (D^^m 

mfife®Hrt©Al-&^** «1 ©No. l~5)?£rfflV>TVi^t) 
©©, GPI ©^*£*«lW7!iMGPIl®^fiE^<SjlT^*!va 
*ifiS*A^ofcfcJ&, ^^jfettj^^J-Wtt^fC^ViT, GP 
I ©Sg»«Cffl3-rsi50 -250 "C«SS|gfa(z*ittSv 

I'^xroKi^e-i'iti^^noooMW t:m^> GPii©t»fm 

fcffiS-r^250 -300 'C©Ma»5i8lc*3lt^-:/^XW5S 
[0 10 4) 

[«1) 
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